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Summary
Objective: To explore the influence of pre-pregnancy body mass index (pBMI) and gestational weight gain (GWG) on maternal out-

comes in twin pregnancies. Methods: Clinical data of women with twin pregnancies delivered in Women’s Hospital School of Medicine
Zhejiang University from January 2014 to December 2014 were collected and retrospectively analyzed. The women were classified into
three groups according to pre-pregnancy body mass index based onWHO guidelines, and gestational weight gain based on the Institute of
Medicine (IOM) classification. The characteristics, blood glucose, serum lipid and obstetrical outcomeswere compared among the groups
of women. Results: Three hundred and twelve eligible women with twin pregnancies were identified. Fifty-nine of the women were
underweight, 226 had a normal weight, and 27 were overweight or obese. Fasting blood glucose, OGTT-1H, glycosylated hemoglobin,
triglycerides in second and third trimester in overweight or obese group were significantly higher when compared with the normal weight
group. Overweight or obese increased the risk of hypertension (OR2.86; 95% CI, 1.15-7.13) and intrahepatic cholestasis (OR, 4.01; 95%
CI, 1.51-10.84) compared with normal weight. GWG among women with twin pregnancies was low (n = 125), moderate (n = 143) or
high (n = 43) based on pBMI. High GWG increased the risk of preterm birth (< 32weeks gestation) (OR, 5.49; 95% CI 1.47-20.44)
while low GWG increased the risk of low birth weight (< 2500 g) (OR, 1.95; 95% CI, 1.20-3.19).Multivariate linear analysis showed
gestational weeks, GWG and gestational hypertension had effects on birth weight (P< 0.05). Conclusion: Pre-pregnancy overweight or
obese in women with twin pregnancies adversely influence glucose levels, serum lipid concentrations and perinatal outcomes. Preterm
and birth weight are adversely influenced by excessive or insufficient GWG.
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Preterm birth.

Introduction

The prevalence of obesity has risen dramatically in re-
cent years, not only in developed countries, but also in de-
veloping countries especially China. This increase in preva-
lence of obesity has been linked to a change in lifestyle.
Obesity in women of reproductive age is a significant health
concern, contributing to increased risks of adverse preg-
nancy outcomes. With the development and increasing uti-
lization of assisted reproductive technology (ART), the rate
of multiple pregnancies has increased over time. Com-
pared with singleton gestation, twin pregnancies are as-
sociated with greater risks of perinatal complications and
adverse pregnancy outcomes. Therefore, weight manage-
ment of womenwith twin pregnancies is crucial for obstetri-
cians, particularly in women with abnormal pre-pregnancy
weight. Based on pre-pregnancy body mass index (pBMI),
the Institute of Medicine (IOM) [1] recommended an opti-
mal range of gestational weight gain (GWG) in 2009. GWG
has been suggested to be associated with pregnancy out-
comes. While excessive GWG increases the rate of preg-

nancy complications and often results in long-term chronic
metabolic diseases in offspring, insufficient GWG has been
shown to increase the rate of preterm birth.

During pregnancy, metabolism and body composition of
women change in order to accommodate fetal nutritional
demands. Pregnant women in China are more likely to con-
sume a high calorie diet and less likely to engage in physical
activity due to traditional customs. Therefore, weight man-
agement during pregnancy may be a challenge.

The aim of this study was to assess the impact of pBMI
and GWGduring twin pregnancies on blood glucose, serum
lipids and pregnancy outcomes, in order to highlight the im-
portance of weight management during pregnancy for Chi-
nese women with twin pregnancies.

Materials and Methods

Study population
Three hundred and twelve women with twin pregnan-

cies and two live births at the Women’s hospital school
of Medicine Zhejiang University China between January
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Table 1. —Maternal characteristics by pBMI (underweight, normal and overweight or obese) in twin pregnancies

Underweight (n = 59) Normal weight (n = 226) Overweight (n = 27) P value

Maternal age (yrs) 29.04 ± 3.05 30.50 ± 4.05 32.00 ± 3.40 0.013
Maternal age ≥ 35yrsa 3 (5.08) 34 (15.04) 5 (18.52) > 0.05
Nulliparousa 47 (79.7) 173 (76.6) 21 (77.8) > 0.05
ARTa 21 (35.6) 86 (38.1) 11 (40.7) > 0.05
GWG 17.06 ± 4.40 17.70 ± 5.05 15.56 ± 5.30 > 0.05
Low GWGa 20 (33.9) 95 (40.0) 10 (30.0) > 0.05
Moderate GWGa 30 (50.9) 101 (44.7) 12 (44.4) > 0.05
High GWGa 9 (15.3) 30 (13.3) 5 (18.5) > 0.05
Pregnancy week (wks) 35.28 ± 1.84 35.64 ± 1.99 35.04 ± 1.97 > 0.05
a: reported as N (%)

Table 2. — Obstetric outcomes and birth weight by pBMI

Underweight
(n = 59)

Normal weight
(n = 226)

Overweight
(n = 27)

Underweightvs. Normal
weight OR (95%CI)

P Overweightvs. Normal
weight OR(95%CI)

P

GDM 10(16.9%) 51(22.6%) 10(37.0%) 0.70(0.33,1.48) > 0.05 2.02(0.87,4.68) > 0.05
FBG (mmol/L)* 4.37 ± 0.33 4.49 ± 0.45 4.68 ± 0.52 - - - -
OGTT-1H (mmol/L)* 7.82 ± 1.55 8.27 ± 1.55 9.11 ± 1.67 - - - -
OGTT-2H (mmol/L) 6..75 ± 1.45 6.89 ± 1.33 7.28 ± 2.02 - - - -
HbA1c (%)* 4.82 ± 0.34 4.92 ± 0.33 5.06 ± 0.57 - - - -
≥ 2abnormalvalues in OGTT* 2(3.4%) 15(6.6%) 5(18.5%) - - - -
Gestational hypertension 6(10.2%) 29(12.8%) 8(29.6%) 0.77(0.30,1.95) > 0.05 2.86(1.15,7.13) 0.041
ICP 8(13.6%) 18(8.0%) 7(25.9%) 1.81(0.75,4.40) > 0.05 4.04(1.51,10.84) 0.009
Preterm birth < 32w 4(6.8%) 9(4.0%) 1(3.7%) 1.75(0.52,5.91) > 0.05 0.93(0.11,7.62) > 0.05
Preterm birth < 35w 16(27.1%) 52(23.0%) 5(18.5%) 1.25(0.65,2.39) > 0.05 0.76(0.27,2.11) > 0.05
Mode of delivery by C-section 58(98.3%) 218(96.5%) 25(92.6%) 2.13(0.26,17.36) > 0.05 0.46(0.09,2.28) > 0.05
Mean weight of twins 2.34 ± 0.36 2.40 ± 0.43 2.44 ± 0.40 - - - -
weight of twins (2500-3999g) 14(23.7%) 68(29.7%) 11(40.7%) 0.72(0.37,1.40) > 0.05 1.60(0.71,3.62) > 0.05
weight of twins (< 2500g) 30(50.9%) 90(39.3%) 10(37.0%) 1.56(0.88,2.78) > 0.05 0.89(0.39,2.03) > 0.05
Average weight of the heavier
twin

2.46 ± 0.39 2.53 ± 0.46 2.59 ± 0.39 - - - -

Average weight of the lighter-
twin

2.22 ± 0.37 2.23 ± 0.43 2.23 ± 0.42 - - - -

*: P < 0.05.

2014 and December 2014 were included in this study.
Womenwho delivered before 28weeks, hadmajor congeni-
tal anomalies, pre-existent diabetes or hypertension, incom-
plete or missing documentation of maternal pregnancy data
were excluded.
Study design

This was a retrospective cohort study. Women’s
height and pre-pregnancy weight were recorded to calcu-
late pBMI. Participants were classified into three according
to pBMI based on WHO guidelines: underweight (BMI ≤
18.5 Kg/m2), normal weight (BMI 18.5–24.9 Kg/m2), over-
weight or obese (BMI ≥ 25 Kg/m2).

According to the Institute of Medicine (IOM) guide-
lines, adequate GWG for twin pregnancy in normal, over-
weight and obese women were 17-25, 13-23 and 11-19 kg
respectively. We calculated the range of weekly weight
gain (netGWG) by dividing total weight gain by gestational

weeks. The ranges of netGWG were 0.45-0.64 kg/week
for women with normal pBMI, 0.38-0.61 kg/week for over-
weight women and 0.31-0.64 kg/week for obese women.
Due to a lack of recommendation by IOM for underweight
women with twin pregnancies, singleton pregnancy stan-
dardmeasurement of 0.43-0.60 kg/weekwas selected in this
study. Pregnant women in all pBMI groups were classi-
fied into low GWG (netGWG less than the lower cutoffs),
moderate GWG (netGWGwithin the normal range) or high
GWG (netGWG greater than the upper cutoffs).

We collected information including maternal age, deliv-
erymethod, fasting blood glucose and 1 h, 2 h blood glucose
after a 75 g oral glucose tolerance test (24-28 week), mid-
pregnancy (24-28weeks) and third-trimester (within one
week before delivery) serum lipid including total choles-
terol (TC), high-density lipoprotein (HDL), low-density
lipoprotein (LDL) and triglycerides (TG), neonatal weight.
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Table 3. — Blood glucose, serum lipids during pregnancy by pBMI

Underweight (n = 59) Normal weight (n = 226) Overweight (n = 27) P

FBG (mmol/L) 4.37 ± 0.33 4.49 ± 0.45 4.68 ± 0.52 0.008
OGTT-1H (mmol/L) 7.82 ± 1.55 8.27 ± 1.55 9.11 ± 1.67 0.002
OGTT-2H (mmol/L) 6..75 ± 1.45 6.89 ± 1.33 7.28 ± 2.02 > 0.05
HbA1c (%) 4.82 ± 0.34 4.92 ± 0.33 5.06 ± 0.57 0.014
≥ 2 abnormal values in OGTTa 2 (3.39) 15 (6.64) 5 (18.52) 0.035
Secondtrimester
TC (mmol/L) 7.03 ± 1.08 6.79 ± 1.13 6.16 ± 1.10 0.004
TG (mmol/L) 2.48 ± 0.79 2.92 ± 1.10 3.28 ± 1.01 0.002
LDL-C (mmol/L) 4.08 ± 0.96 3.91 ± 1.00 3.43 ± 0.87 0.015
HDL-C (mmol/L) 2.38 ± 0.57 2.28 ± 0.49 2.01 ± 0.48 0.009
Thirdtrimester
TC (mmol/L) 7.07 ± 1.36 6.93 ± 1.44 6.59 ± 1.13 > 0.05
TG (mmol/L) 3.74 ± 1.11 4.53 ± 1.91 4.51 ± 1.72 0.008
LDL-C (mmol/L) 4.17 ± 1.06 3.78 ± 1.17 3.62 ± 0.84 0.038
HDL-C (mmol/L) 1.86 ± 0.45 1.80 ± 0.65 1.66 ± 0.41 > 0.05
a: reported as N (%)

Table 4. — Obstetric outcomes of three GWG groups

Low GWG
(n = 125)

Moderate GWG
(n = 143)

High GWG
(n = 44)

Low vs. Moderate
OR (95%CI)

P High vs. Moderate
OR (95%CI)

P

Gestational hypertension 16 (12.8%) 19 (13.3%) 8 (18.2%) 0.96 (0.47, 1.96) 0.906 1.45 (0.59, 3.59) 0.419
ICP 16 (12.8%) 14 (9.8%) 3 (6.8%) 1.35 (0.63, 2.90) 0.436 0.67 (0.19, 2.46) 0.764
GDM 30 (24.0%) 27 (18.9%) 14 (31.8%) 1.36 (0.76, 2.44) 0.307 2.01 (0.94, 4.28) 0.07
Gestational week 35.46 ± 1.96 35.72 ± 1.79 35.57 ± 2.28
Mode of delivery by C-section 119 (95.2%) 139 (97.2%) 43 (97.7%)
Preterm birth < 32w 4 (3.2%) 4 (2.8%) 6 (13.6%) 1.15 (0.28, 4.69) 0.847 5.49 (1.47, 20.44) 0.016*
Preterm birth < 35w 35 (28.0%) 28 (19.6%) 10 (22.7%) 1.60 (0.91, 2.82) 0.105 1.21 (0.53, 2.74) 0.65
Average weight of twins∗ 2.31 ± 0.41 2.46 ± 0.38 2.43 ± 0.49
Weight of twins(2500-3999 g) 31 (24.8%) 46 (32.2%) 15 (34.1%) 0.70 (0.41, 1.19) 0.184 1.09 (0.53, 2.23) 0.812
Weight of twins( < 2500 g) 65 (52.0%) 51 (35.7%) 14 (31.8%) 1.95 (1.20, 3.19) 0.007* 0.84 (0.41, 1.73) 0.639
Average weight of the heavier twin 2.41 ± 0.43 2.60 ± 0.41 2.58 ± 0.50
Average weight of the lighter twin 2.21 ± 0.40 2.48 ± 0.42 2.28 ± 0.50

*: P < 0.05

Statistical analysis
All statistical analyses were performed using SPSS ver-

sion 17.0 statistical software. We described continuous
variables with normal distribution using mean ± standard
deviation, categorical variables were reported as count (per-
centage). Continuous variables were compared using One-
way ANOVA and Chi-Square tests were applied to categor-
ical variables. The maternal and neonatal outcomes were
reported as odds ratios (OR)with accompanying 95% confi-
dence intervals (CI). Multiple regression analysis was used
to evaluate pBMI and GWG in relation to birthweight of
twins. Values were considered statistically significant when
the P < 0.05.

Results

Three hundred and twelve eligible twin pregnancies with
complete data were included in this study. 72.4% had a nor-

mal pBMI, 18.9% were underweight and 8.7% were over-
weight or obese. Demographic characteristicsare summa-
rized in Table 1. The baseline characteristics were similar
among the pBMI groups except for age, which was older in
overweight group.

Frequency of pregnancy outcomes including gesta-
tional diabetes, gestational hypertension and intrahepatic
cholestasis (ICP) are summarized in Table 2. The propor-
tion of hypertension and ICP was higher in the overweight
group compared with underweight or normal weight groups
(P < 0.05). In addition, there was an increased risk of
hypertension and ICP in overweight group compared with
normal weight group (OR 2.86; 95% CI 1.15-7.13 and OR
4.01; 95% CI, 1.51-10.84, respectively).

The prevalence of GDM appeared to increase with in-
creasing pBMI (Table 2), so were levels of FBG, OGTT-
1H and glycosylated hemoglobin (Tables 2 and 3). Over-
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Figure 1. —Mean lipid concentrations during second/third pregnancy trimesters by pre-pregnancy BMI categories. *: P< 0.05 (Triglyc-
erides/HDL in third trimester vs second trimester in three groups).

weight or obese increased the odds of two or more ab-
normal OGTT values when compared with normal weight
and underweight group (OR3.20; 95%CI, 1.06-9.64 and
OR 6.48; 95%CI, 1.17-35.89, respectively). Overweight
women had a higher mean of triglycerides compared to
women with normal weight, the difference was statistically
significant in both second and third trimesters (P < 0.01).
Mean total cholesterol, LDL and HDL concentrations were
higher in normal weight and underweight than in over-
weight women, but the difference was significant only in
the second trimester of pregnancy (P < 0.01).

Triglycerides concentrations were higher in the third
trimester compared with the secondtrimester across all
pBMI categories. The mean HDL concentrations were sig-
nificantly lower in the third trimester (P < 0.05) (Figure
1).

According to the IOM guideline, 125(40.06%), 143
(45.83%) and 44 (14.10%) women with twin pregnancies
were classified as low GWG, moderate GWG and high
GWG respectively based on pBMI. There were no sig-
nificant differences in blood glucose or serum lipid levels
across the GWG groups (results not shown).

There were no statistically significant differences in
pregnancy outcomes including gestational diabetes, gesta-
tional hypertension, ICP and delivery by C-section across
all GWG groups. High GWG increased the risk of preterm
birth (less than 32 weeks). Insufficient weight gain in-

creased the risk of low birth weight (< 2500 g) in twin-
scompared with optimalweight gain. In addition, the av-
erage weight of twinsin pregnant women with low GWG
was lower than the values in pregnant women with moder-
ate GWG (P < 0.001).

Multivariate linear and logistic regression analyses
showed that gestational weeks, GWG and gestational hy-
pertension had effects on birth weight (P < 0.05). For ev-
ery weekly increase in gestation, birth weight increased by
0.748 grams, and for every one kilogram increase in GWG,
birth weight increased by 0.137 grams. A higher probabil-
ity of low birth weight may occur in women with twin preg-
nancies with insufficient or adequate weight gain compared
with womenwho gained excessive weight gain during preg-
nancy (results not shown).

Discussion

For women, pregnancy is a sacred but dangerous thing
with hearts full of expectations and joy of the birth of new
life, while the fluctuation of various hormones during preg-
nancy is a major test for maternal body. With the popu-
larization of a two-child policy and assisted reproductive
technology in China, the incidence of twins has increased
year by year. Women with twins are at higher risk of preg-
nancy complications compared with singletons. It has been
well-known the link between overweight or obesity and ad-
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verse pregnancy outcomes thus strict diet control during
pregnancy is recommended for this population.

Many studies pointed that the higher BMI before preg-
nancy, the less weight gain during pregnancy owing to the
medical management and physiological mechanisms [2].
The majority of pregnant women included in the current
study had adequate GWG. We also observed no significant
differences in GWG across the three pBMI groups. This
finding is inconsistent with previous studies which sug-
gested that the higher the pBMI, the lesser the GWG [2].

The prevalence of GDM in our study (22.76%) was
higher than reported estimates across many countries. Our
observation of a higher prevalence of GDM may be related
to an increased risk of GDM among Asians which have
been reported in existing literature. There are a number of
globally acceptable methods of diagnosing GDM. In this
study, we chose the standards issued by the Ministry of
Health of China, which were based on women with single-
ton pregnancy. GDM was defined as having one or more
abnormal values measured 1h and 2 h after 75 g OGTT.
Our findings showed that blood glucose at each time point
of OGTT test increased with increasing pBMI, the differ-
ence between groups were statistically significant (except
OGTT-2H). Previous studies suggested that pre-pregnancy
overweight or obesity were independent risk factors for
GDM [3]. Our study showed no differences in GDM across
pBMI groups. The proportion of two or more abnormal
values were significantly elevated in overweight pregnant
women in our study, and accounted for 50% of GDM in
overweight or obese women. The conclusion suggested it
was it may be are asonable approach to adopt a separate
set of criteria for GDM diagnosis in women who are over-
weight or obese pre-pregnancy.

Our finding for the relationship between GWG and
GDM is inconsistent with existing literature. We observed
no statistically significant difference in blood glucose level
and incidence of GDM in women with twin pregnancies
across GWG groups. Dong Beibei et al. [4] reported that
the incidence of GDMwas significantly related to excessive
GWG in the first trimester, unrelated to GWG in the sec-
ond trimester regardless of pBMI. In another report, Moore
et al. [5] observed that excessive GWG in early pregnancy
among overweight women was associated with higher odds
of abnormal glucose tolerance and GDM among Latinas.
A number of factors may have contributed to the inconsis-
tency stated above. The current study is limited by a rela-
tively small sample size. Additionally, GWG was defined
as weight gain during the entire pregnancy which may be
affected by treatment or diet, especially in the second and
third trimester.

It is well known that overweight or obesity increase the
risk of several maternal complications during pregnancy.
As excepted [6, 7], gestational hypertension occurred more
frequently in women with higher pBMI. Compared with
women with normal weight, blood pressure in overweight
or obese women was higher at the start of pregnancy, fol-

lowed by a smaller decrease during the second pregnancy
and a higher increase at the end of pregnancy [8, 9]. We
found that overweight or obese women were more likely
to develop gestational hypertension. Overweight or obese
and excessive GWG were associated with an increased risk
of ICP. Martineau et al. [10] reported that ICP is charac-
terized by increased triglycerides and reduced HDL choles-
terol levels. Similar changes were observed in overweight
or obese women with twin pregnancies. Literature on the
association between GWG and gestational hypertension is
inconsistent. Some studies [11, 12] reported increased risk
of developing hypertension in pregnant women with exces-
sive GWG. In our study, there was no association between
high GWG and gestational hypertension or GDM. Our find-
ings are similar to those reported by Fox et al. [13], who ob-
served that excessive weight gain does not appear to be as-
sociated with adverse maternal complications in twin preg-
nancies.

Significant maternal metabolic changes occur during
pregnancy, to accommodate fetal growth and development.
Previous studies suggested that lipid parameters such as TC,
TG, HDL, and LDL were elevated during pregnancy, par-
ticularly in the second and third trimesters [14]. Hyperc-
holesterolaemia during pregnancy is a normal physiolog-
ical change, but there are no reference standards for nor-
mal levels of lipid parameters. Our study suggests that
the concentration of TC and TG in the third trimester were
higher than levels in the second trimester. Across pBMI
categories, only the change in triglycerides concentration
was significant. We observed significantly lower HDL lev-
els in the third trimester than the second trimester. These
findings were consistent with the report by Bartels et al.
[15], who reported that HDL during pregnancy is always
elevated with peak values seen in the second trimester.
High HDL concentration is required to maintain the lipid at
recommended level throughout pregnancy. Previous stud-
ies [10] suggested that the combination of elevated TC,
TG, LDL and decreased HDL increase the risk of preg-
nancy complications such as ICP, GDM and gestational hy-
pertension. Pregnant women with different pre-pregnancy
weights share the character that TG increase and HDL
decrease in the third trimester, suggesting that clinicians
should strengthenmonitoring on pregnant womenwith twin
pregnancies to avoid the occurrence and aggravation of
complications throughout pregnancy especially in the third
trimester.

We found that overweight women had higher triglyc-
erides and lower TC, LDL and HDL levels compared
with underweight and normal weight women in the second
trimester, but in the third trimester, triglycerides levels were
higher and LDL levels were lower in overweight compared
with under weightwomen. There is inconsistent evidence
regarding the relationship between pBMI and lipids during
pregnancy. Scifres et al. [16] reported that TC and LDL
were significantly lower in overweight or obese women
compared with normal weight women. Farias et al. [17] re-
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ported that overweight or obese women had higher triglyc-
erides, total cholesterol and LDL and lower HDL levels
during pregnancy compared with normal weight women.
These conflicting findings may be related to limited sam-
ple sizes and special metabolic regulation of lipid in over-
weight or obese women. Correlation analysis showed that
pBMI was positively correlated with triglycerides, while
negatively correlated with TC, LDL-C, and HDL-C (results
not shown).

Our finding of no association between pBMI and
preterm birth (< 32 w and< 35 ) is consistent with the find-
ings of Suzuki et al [19], who reported that maternal pBMI
based on the IOM cutoffs was not associated with perinatal
outcomes in Japanese women with twin pregnancy. Find-
ings in the current study are inconsistent with estimates doc-
umented by Al-Obaidly et al. [18], who suggested that
overweight and obese women with twin pregnancies had
a higher risk of preterm delivery compared with normal
weight women. Similar findings were noted by Parker et
al [20] for medically indicated preterm delivery but not
spontaneous preterm delivery. Preterm birth can be divided
into medically-induced and spontaneous preterm. Parker
[20] reported obesity is only associated with higher risk of
medically indicated preterm birth, not spontaneous preterm.
Otherwise, the relationship between risk of spontaneous
preterm and maternal pBMI may be affected by ethnicity,
gestational week and parity [21]. The inconsistent find-
ings in the current study may due to lack of classification
of preterm birth into medically indicated and spontaneous
preterm births.

Birth weight is an important indicator of fetal growth and
development. Insufficient weight gain during pregnancy
may indicate nutritional deficiencies. Consistent with pre-
vious study [22], we found that birth weight in women with
low GWG were significantly lower than those with mod-
erate GWG group, and low GWG was associated with an
increased risk of low birth weight. Greenan et al. [23] re-
ported that underweight women who achieved weight gain
goals may reduce the rate of preterm< 35 w and get greater
birth weight. In our study, every 1 kg increase in GWG re-
sulted in 0.137 g increase in birth weight. Therefore, ade-
quate GWG was associated with better perinatal outcomes.
The impacts of pBMI on birth weight were different due to
race, which was higher in non-Europeans than in Europeans
[24]. We found no associations between pBMI and birth
weight in women with twin pregnancies. This is consistent
with the findings of Farah et al [25]. The results confirmed
the role of GWG for fetus birth weight, especially among
the women with abnormal BMI before pregnancy.

The current study has several strengths. This is s a rel-
atively comprehensive article of the relationship between
various indices during pregnancy, perinatal outcomes and
pBMI, GWG in women with twins. Multi-angle and multi-
layered analysis are used to draw our conclusion.

There are a few caveats that must be noted in the current
study. Firstly, we used recommended ranges of GWG for

underweight women with singleton due to the deficiency of
the current guideline for twin pregnancies. Secondly, we
were limited by a small sample size. The small sample size
made it impossible to perform analysis stratified by pBMI,
particularly in overweight and obese women.

Conclusion

We observed a complex relationship between maternal
health status and birth outcomes. Overweight or obesity
has adverse influence on glucose levels at each point of
OGTT, serum lipid concentration and risk of perinatal out-
comes such as gestation hypertension, ICP and very preterm
birth in women with twin pregnancies. GWG is correlated
with birth weight, therefore, it should be adequately mon-
itored. Excessive weight control must be avoided for the
insufficient weight gain which increases the risk of low
birth weight. In summary, development of standardized
recommendations for GWG throughout pregnancy based on
pBMI for women with multiple pregnancies is required, to
improve the maternal and fetal outcomes.

Ethics Approval and Consent to Participate

All subjects gave their informed consent for inclusion
before they participated in the study. The study was con-
ducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Committee of
Women’s Hospital, College of Medicine, Zhejiang Univer-
sity (approval number: IRB-20190035-R).

Conflict of Interest

The authors declare no competing interests.

Submitted: August 10, 2019
Accepted: October 31, 2019
Published: June 15, 2020

References
[1] Institute of Medicine (IOM). National research council. weight gain

during pregnancy: reexamining the guidelines, in: rasmussen km,
yaktineal,editors. committee to reexamine iom pregnancy weight
guidelines.washington, DC: National Academy Press, 2009.

[2] Heude B., Thiebaugeorges O., Goua V., Forhan A., Kaminski M.,
Foliguet B., et al.: “Pre-pregnancy bodymass index and weight gain
during pregnancy: relations with gestational diabetes and hyperten-
sion, and birth outcomes”. Matern Child Health J, 2012, 16, 355-
363.

[3] Ogonowski J., Miazgowski T., Kuczynska M., Krzyzanowska-
Swiniarska B., Celewicz Z.: “Pregravid body mass index as a pre-
dictor of gestational diabetes mellitus”. Diabet Med, 2009, 26, 334-
338.

[4] Dong B., Yu H., Wei Q., Zhi M., Wu C., Zhu X., et al.: “The effect
of pre-pregnancy body mass index and excessive gestational weight
gain on the risk of gestational diabetes in advanced maternal age”.
Oncotarget, 2017, 8, 58364-58371.

[5] Moore Simas T.A., Waring M.E., Callaghan K., Leung K., Ward
H.M., Buabbud A., et al.: “Weight gain in early pregnancy and risk
of gestational diabetes mellitus among Latinas”. Diabetes Metab,
2019, 45, 26-31.

[6] Niu V., Xu Y., Hao J., Van S., Huang K., Pan W., et al.: “Prepreg-
nancy body mass index, gestational weight gain and hypertensive
disorder complicating pregnancy: a prospective cohort study in
Ma’anshan City” Wei Sheng Yan Jiu, 2016, 45, 205-210.



382 F. Wang, Z.X. Liang, W.R. Mao, S.N. He, D.Q. Chen

[7] Gaillard R., Steegers E.A., Hofman A., Jaddoe V.W.: “Associa-
tions of maternal obesity with blood pressure and the risks of ges-
tational hypertensive disorders”. The Generation R Study. J Hyper-
tens, 2011, 29, 937-944.

[8] Magriples U., Boynton M., Kershaw T., Duffany K., Rising S., Ick-
ovics J.: “Blood pressure changes during pregnancy: impact of race,
body mass index, and weight gain”. 2013, 30, 415-424.

[9] Miller R.S., Thompson M.L., Williams M.A.: “Trimester-specific
blood pressure levels in relation to maternal pre-pregnancy body
mass index”. Paediatr Perinat Epidemiol, 2007, 21, 487-494.

[10] Martineau M.G., Raker C., Dixon P.H., Chambers J., Machirori M.,
King N.M., et al.: “The metabolic profile of intrahepatic cholestasis
of pregnancy is associated with impaired glucose tolerance, dyslipi-
demia, and increased fetal growth”. Diabetes Care, 2015, 38, 243-
248.

[11] Lal A.K., Kominiarek M.A.: “Weight gain in twin gestations: are
the Institute ofMedicine guidelines optimal for neonatal outcomes”?
J Perinatol, 2015, 35, 405-410.

[12] Ozcan T., Bacak S.J., Zozzaro-Smith P., Li D., Sagcan S., Seligman
N., et al.: “Assessing weight gain by the 2009 institute of medicine
guidelines and perinatal outcomes in twin pregnancy”.Matern Child
Health J, 2017, 21, 509-515.

[13] Fox N.S., Rebarber A., Roman A.S., Klauser C.K., Peress D., Saltz-
man D.H.: “Weight gain in twin pregnancies and adverse outcomes:
examining the 2009 Institute of Medicine guidelines”. Obstet Gy-
necol, 2010, 116, 100-106.

[14] Bartels A., O’Donoghue K.: “Cholesterol in pregnancy: a review of
knowns and unknowns”. Obstet Med, 2011, 4, 147-151.

[15] Bartels A., Egan N., Broadhurst D.I., Khashan A.S., Joyce C., Sta-
pleton M., et al.: “Maternal serum cholesterol levels are elevated
from the 1st trimester of pregnancy: a cross-sectional study”. J Ob-
stet Gynaecol, 2012, 32, 747-752.

[16] Scifres C.M., Catov J.M., Simham H.N.: “The impact of mater-
nal obesity and gestational weight gain on early and mid-pregnancy
lipid profiles”. Obesity (Silver Spring), 2014, 22, 932–938.

[17] Farias D., Franco-SenaA., Vilela A., et al.: “Lipid changes through-
out pregnancy according to pre-pregnancy BMI: results from a
prospective cohort”. BJOG, 2016, 123, 570-578.

[18] Al-Obaidly S., Parrish J., Murphy K.E., Maxwell C.: “Maternal pre-
gravid body mass index and obstetric outcomes in twin gestations”.

J Perinatol, 2014, 34, 425-428.
[19] Suzuki S.: “Optimal weight gain during twin pregnancy in Japanese

women with favorable perinatal outcomes”. J Matern Fetal Neona-
tal Med, 2018, 31, 119-122.

[20] Parker M.G., Ouyang F., Pearson C., Gillman M.W., Belfort M.B.,
Hong X., et al.: “Prepregnancy body mass index and risk of preterm
birth: association heterogeneity by preterm subgroups”. BMC Preg-
nancy Childbirth, 2014, 14, 153.

[21] Shaw G.M., Wise P.H., Mayo J., Carmichael S.L., Ley C., Lyell
D.J., et al.: “Maternal prepregnancy body mass index and risk of
spontaneous preterm birth”. Paediatr Perinat Epidemiol, 2014, 28,
302-311.

[22] Ozcan T., Bacak S.J., Zozzaro-Smith P., Li D., Sagcan S., Seligman
N., et al.: “Assessing weight gain by the 2009 institute of medicine
guidelines and perinatal outcomes in twin pregnancy”.Matern Child
Health J, 2017, 21, 509-515.

[23] Greenan C.W., Christensen C., Wojciechowski B., Taam R., New-
man R.: “Validation of body mass index (BMI)-specific weight
gain recommendations for twin gestations in all maternal BMI cate-
gories”. American Journal of Obstetrics & Gynecology, 2016, 214,
S163-S163.

[24] Sommer C., Sletner L., Morkrid K., Jenum A.K., Birkeland K.I.:
“Effects of early pregnancy BMI, mid-gestational weight gain, glu-
cose and lipid levels in pregnancy on offspring’s birth weight and
subcutaneous fat: a population-based cohort study”. BMC Preg-
nancy Childbirth, 2015, 15, 84.

[25] Farah N., Stuart B., Donnelly V., KennellyM.M., TurnerM.J.: “The
influence of maternal body composition on birth weight”. Eur J Ob-
stet Gynecol Reprod Biol, 2011, 157, 14-17.

Corresponding Author:
DAN-QING CHEN, M.D.
Women’s Hospital, Zhejiang University School
of Medicine, 1# Xueshi Road,
Shangcheng District, Hangzhou,
Zhejiang Province, 310006 (P.R. China)
e-mail: chendq@zju.edu.cn


	Introduction
	Materials and Methods
	Study population
	Study design
	Statistical analysis

	Results
	Discussion
	Conclusion
	Ethics Approval and Consent to Participate
	Conflict of Interest 
	References

